We study heavy-light meson resonances with quantum numbers J P = 0 + and J P = 1 + in terms of the non-linear chiral SU(3) Lagrangian. At leading order a parameter-free prediction is obtained for the scattering of Goldstone bosons off heavy-light pseudo-scalar and vector mesons once we insist on approximate crossing symmetry of the unitarized scattering amplitude. The recently announced narrow open charm states observed by the BABAR and CLEO collaborations are reproduced. We suggest the existence of states that form an anti-triplet and a sextet representation of the SU (3) group. In particular, so far unobserved narrow isospinsinglet states with negative strangeness (I, S) = (0, −1) are predicted at 2361 MeV (J P = 0 + ) and 2501 MeV (J P = 1 + ). Similarly, open bottom states are found at 5719 MeV (J P = 0 + ) and 5622 MeV (J P = 1 + ). Additional narrow states of mass 5580 MeV (J P = 0 + ) and 5650 MeV (J P = 1 + ) with widths of about 50 MeV are obtained in the (I, S) = (1, 1) sector. For the anti-triplet states our results differ most significantly from predictions that are based on a linear realization of the chiral SU(3) symmetry in the open bottom sector. Strongly bound 0 + -and 1 + -states with (I, S) = (0, 1) at 5507 MeV and 5553 MeV are predicted.
Introduction
In a recent work [1] it was demonstrated that chiral SU(3) symmetry predicts parameter-free J P = 1 + light meson resonances. It was observed that the resonance states turn into bound states in the heavy SU(3) limit with m π,K,η ≃ 500 MeV but disappear altogether in the light SU(3) limit with m π,K,η ≃ 140 MeV. In earlier works [2, 3, 4, 5, 6, 7] similar results were obtained for light meson resonances with J P = 0 + quantum numbers. In view of the apparent success of the chiral coupled-channel dynamics to predict the existence of a wealth of meson resonances in the (u,d,s)-sector of QCD it is interesting to study whether the same mechanism is able to predict heavy-light meson resonances, i.e. meson resonances with open charm or bottom. Recently a new narrow state of mass 2.317 GeV that decays into D + s π 0 was announced [8] . This result was confirmed [9] and a second narrow state of mass 2.46 GeV decaying into D * s π 0 was observed. Such states were first predicted in [10, 11] based on the spontaneous breaking of chiral symmetry. Since one expects from such studies [10, 11, 12, 13] the existence of further so far unobserved states it is important to study the heavy-light resonances in great detail [14] .
The theoretical predictions [10, 11, 12, 13] rely on the chiral quark model which implies a linear realization of the chiral SU(3) symmetry of QCD. The linear realization predicts the 0 + , 1 + resonance states to form an anti-triplet representation of the SU(3) group. This is not necessarily so in the non-linear representation of the SU(3) group. If one insists on a non-linear realization of the chiral SU(3) group no a priori prediction can be made for the existence of chiral partners of any given state. For instance in [1] is was shown that the light 1 + spectrum predicted by the non-linear chiral representation forms two degenerate octets and an additional singlet consistent with the empirical spectrum. Analogous results were obtained for the light scalar mesons [2, 3, 4, 5, 6, 7] In this work we apply the χ-BS(3) approach developed originally for mesonbaryon scattering [16, 17, 18, 19, 20, 21] but recently also applied to meson-meson scattering [1] . Using the chiral SU(3) Lagrangian involving light-heavy J P = 0 − and J P = 1 − fields that transform non-linear under the chiral SU(3) group a coupled-channel description of the meson-meson scattering in the open charm and bottom sector is developed. The possible importance of coupled-channel dynamics for the heavy-light meson states was emphasized recently [15] . The major result of our work is the prediction that there exist states with J P = 0 + , 1 + quantum numbers forming anti-triplet and sextet representations of the SU(3) group. This differs from the results implied by the linear realization of the chiral SU(3) symmetry leading to anti-triplet state only. Our result suggests the existence of J P = 0 + , 1 + states with unconventional quantum numbers (I, S) = (1, 1) and (I, S) = (0, −1). A particular result concerns the 'heavy' SU(3) limit with m π,η,K ∼ 500 MeV and M D ∼ 1800 MeV in which the chiral coupled-channel dynamics predicts bound states rather than resonance states only. In the 'light' SU(3) limit with m π,η,K ∼ 140 MeV and M D ∼ 1800 MeV we do not find anymore resonances or bound states in the J P = 0 + , 1 + sectors. Using physical mass parameters we predict narrow J P = 0 + , 1 + states in the (I, S) = (0, 1), ( The starting point to study the scattering of Goldstone bosons off heavylight mesons is the chiral SU(3) Lagrangian. We identify the leading order Weinberg-Tomozawa interaction Lagrangian density [22, 23, 24, 25] describing the interaction of Goldstone bosons with pseudo-scalar and vector mesons,
with the Goldstone bosons field φ and massive pseudo-scalar and vector-meson fields H and H µ . The parameter f in (1) is known from the weak decay process of the pions. We use f = 90 MeV through out this work. Since we will assume perfect isospin symmetry it is convenient to decompose the fields into their isospin multiplets. The fields can be written in terms of isospin multiplet fields like K = (K (+) , K (0) ) t and D = (
where the matrices λ i are the standard Gell-Mann generators of the SU(3) algebra. The numbers in the brackets recall the approximate masses of the fields in units of MeV.
The scattering problem decouples into seven orthogonal channels specified by isospin (I) and strangeness (S) quantum numbers,
In Tab. 1 the channels that contribute in a given sector (I, S) are listed. Heavylight meson resonances with quantum numbers J P = 0 + and J P = 1 + lead to Table 1 The definition of coupled-channel states with (I, S).
poles in the s-wave scattering amplitudes, M (I,S)
The effective interaction kernel V (I,S) ( √ s ) in (4) is determined by the leading order chiral SU(3) Lagrangian (1),
where (m, M) and (m,M) are the masses of initial and final mesons. We use capital M for the masses of heavy-light mesons and small m for the masses of the Goldstone bosons. The matrix of coefficients C (I,S) that characterize the interaction strength in a given channel is given in Tab. 2. The s-wave interaction kernels are identical for the two scattering problems considered here.
In contrast the loop functions, diagonal in the coupled-channel space, depend on whether to scatter Goldstone bosons off heavy-light meson with J P = 0 − or J P = 1 − ,
(I, S) Table 2 The coefficients C (I,S) that characterize the interaction of Goldstone bosons with heavy meson fields H and H µ as introduced in (3).
where √ s = M 2 + p 2 cm + m 2 + p 2 cm . Note however that the two loop functions in (6) 
With (4,5,6,7) the brief exposition of the χ−BS(3) approach as applied to heavy-light meson resonances is completed.
Results
To study the formation of meson resonances we generate speed plots as suggested by Höhler [26] . The speed Speed (I,S) ab ( √ s) of a given channel a b is introduced by [26, 27] ,
where we give expressions valid in the 0 + sector. A corresponding result for the 1 + sector agrees with (8) up to a small correction term vanishing in the heavy-mass limit M → ∞ (see (6)). In order to explore the SU(3) multiplet structure of the resonance states we first study the 0 + sector in the 'heavy' SU(3) limit [21, 1] with m π,K,η = 500 MeV and M D = 1800 MeV. In this case we obtain an anti-triplet of mass 2162 MeV with poles in the (0, +1), (1/2, 0) amplitudes and a sextet of mass 2298 MeV with poles in the (1, +1), (1/2, 0), (0, −1) amplitudes. This finding reflects that the Weinberg-Tomozawa interaction, 3 ⊗ 8 =3 ⊕ 6 ⊕ 15 (9) predicts attraction in the anti-triplet and sextet channel but repulsion for the anti-15-plet. In contrast performing the 'light' SU(3) limit [21, 1] with m π,K,η ∼ 140 MeV together with M D = 1800 MeV we do not find any signal of a resonance in any of the channels. Analogous results are found in the 1 + sector. If we used identical masses for the 1 − and 0 − mesons the differences are below 1 MeV.
In Figs. 1,2 the spectrum as it arises with physical masses is shown. We predict a bound state of mass 2266 MeV in the (0, 1)-sector (see Fig. 1 ). According to [12, 13] this state should be identified with a narrow resonance of mass 2317 MeV recently observed by the BABAR collaboration [8] . Since we do not consider isospin violating processes like η → π 0 the latter state is a true bound state in our present scheme. Given the fact that our computation is parameter-free this is a remarkable result. As demonstrated by the real part of the corresponding scattering amplitude of Fig. 1 the state couples dominantly to the D K channel. In the (1, +1)-speeds where we expect a signal from the sextet a resonance structure at around 2300 MeV is seen. The large coupling constant to the D s π channel leads to the broad structure seen in the figure. Fig. 2 illustrates that in the ( 1 2 , 0)-sector we predict a narrow state of mass 2391 MeV and a broad state at mass 2200 MeV. Modulo some mixing effects the heavier of the two is part of the sextet the lighter a member of the antitriplet. The latter ( 1 2 , 0)-state was expected to have a large branching ratio into (π D(1867)) [15, 13] . This is confirmed by our analysis. Finally in the (0, −1)-speed a resonance structure right at threshold of mass 2361 MeV is predicted.
The spectrum predicted for the 1 + states is very similar to the spectrum of the 1 + states. Figs. 1,2 demonstrate that it is shifted up by approximatively 140 MeV with respect to the 0 + spectrum. The bound state in the (0, 1)sector comes at 2397 MeV. Thus the mass splitting of the 1 + and 0 + states in this channel agrees very well with the empirical value of about ∼ 140 MeV measured by the BABAR and CLEO collaborations [8, 9] . The (1, +1)-sector shows a broad resonance of mass 2450 MeV. A narrow structure at 2525 MeV is predicted in the ( 1 2 , 0)-channel which may be identified with the D(2420)resonance [28] . Even though the resonance mass is overestimated by about 100 MeV our result is consistent with its small width of about 20 MeV. The triplet state in this sector is again quite large width and mass 2300 MeV. Finally just below theK D(2008)-threshold a bound state of mass 2501 MeV is seen in the (0, −1)-sector.
Our predictions for the heavy-light resonance spectrum differ significantly from the analyses [12, 13] that were based on the linear realization of the chiral SU(3) symmetry. Besides the additional sextet states predicted by the more [28] we obtain the following spectrum (see Figs. 3,4) . The (0, 1) bound-state comes at 5507 MeV, a value about 210 MeV lower than predicted in [12, 13] . In the (1, 1)-channel we predict a resonance with mass 5590 MeV and width of about 50 MeV. In the ( 1 2 , 0)-channel a bound-state of mass 5384 MeV and a resonance of mass 5595 MeV and width of about 20 MeV is predicted. Also in this channel our results differ significantly from the values obtained in [12] . A bound-state just below theK B-threshold at 5650 MeV is predicted in the (0, −1) channel. The 1 + spectrum we compute in terms of the ground state masses 5325 MeV and 5417 MeV [28, 12] . The results resemble the spectrum found in the 0 + sector. We predict the masses 5553 MeV (0, 1), 5640 MeV (1, 1), 5430 MeV ( 1 2 , 0), 5640 MeV ( 1 2 , 0), and 5695 MeV (0, −1).
